. Assumed shallow crustal model for Tokyo. plane. We therefore select the eastward dipping plane as the fault plane of the 1956 earthquake. This has important consequences which we will discuss in the tectonic analysis. No aftershocks of the 1965 earthquake were reported in the Seismological Bulletin of JMA, so the identity of the fault plane of that earthquake remains ambiguous.
Data analysis
Low-gain displacement S-wave seismograms recorded in the Kanto district were used for analysis. All of the recordings used were sufficiently close to the epicenters that the upgoing waves impinged subcritically on the Moho.
For the 1956 event, only three recordings in Tokyo were available, but the seismographs have different responses and together provide a broad-band data set. For the 1965 event, only 6sec period seismograms are available, but the recordings at three stations (Tsukuba, Tokyo and Yokohama) provide a geometrically well distributed data set. The instrumental constants are shown in Table 2 , and locations of seismographic stations are shown in Fig. 2 .
The original seismograms were digitised using the Tokyo Computer Control instrument of the Earthquake Prediction Observation Center, E.R.I., by sampling extrema and inflection points. Corrections were then applied for the departure of the pen from purely transverse motion, and for the finite arm length of the pen. The resulting time function was interpolated using the weighted average slope interpolator of WIGGINS (1976) , and then resampled at a rate of 25 samples per second. A least-squares line was then removed from the time series.
3.4 Synthetic seismograms SAVAGE'S (1966) model of radially spreading rupture on a plane fault surface was chosen as the source model since it is probably a realistic description of the evolution of rupture on small faults that do not grow so large as to intersect the free surface or a major discontinuity in stress. It was considered that there were not enough recordings to resolve the shape of the fault boundary, so a circular shape was assumed.
Crustal structure causes a considerable distortion of the impinging waveform at periods of the order on one second. Earthquakes of moderate magnitude have a maximum ground velocity in this period range, and so some means of taking the crustal structure into account must be devised if we wish to study the earthquake source mechanism. et al., 1978) and seismic refraction profiles (SHIMA et al., 1976) , and the deeper structure is also known (e.g. MIKUMO, 1966 ). Thus we can include the effect of the layered crust in the calculation of the synthetic seismograms. The ThompsonHaskell matrix formulation for plane waves impinging at a subcritical angle at the base of a horizontally layered crust was employed. All multiple reflections and conversions are included in the calculations. According to the assumed crustal and upper mantle structure, all of the recording stations are at sufficiently short epicentral distances that the rays impinge subcritically at the base of the crust. The foci are sufficiently deep that the plane wave assumption may be an acceptable approximation.
The shallow crustal model chosen for Tokyo and Yokohama is that obtained for Yumenoshima (in Tokyo Bay) from the third Yumenoshima and Yoshikawa explosions by SHIMA et al. (1976) . In that study, separate P and S velocity profiles were obtained which have different layered structures. These were combined (Table 3) , preserving all of the interfaces of both models with the exception that the depth of the bases of both models were constrained to coincide with that of the P velocity profile (this interface is roughly 0.23km deeper in the S velocity profile). This model is expected to be a good representation of the structure beneath the stations in Tokyo since they are quite close to Yumenoshima. The overall thickness may be somewhat different beneath Yokohama but the structure is unlikely to be grossly different. Computational tests using this shallow structure and the crustal model E-3A3 of MIKUMO (1966) showed that the shallow structure completely dominates the amplitudes of the synthetic seismograms, especially in the first few seconds. For this reason, synthetic seismograms were calculated for waves impinging on the shallow structure only. Only far field terms need be included in the calculation of the S waves, since the recording stations are sufficiently distant from the source (roughly twenty wavelengths) for this to be a reasonable approximation. The use of S waves enables better resolution of the rupture velocity than P waves allow because the variation of waveform with zenith angle (measured from the fault plane) increases rapidly as the rupture velocity approaches the wave speed.
When the locations of aftershocks are unavailable and the fault is sufficiently buried that no surface deformation is observable, there exists no method for resolving the fault plane of the mechanism solution other than by the analysis of waveforms. Because of the finite speed of seismic waves, the apparent evolution of rupture varies with the orientation of the observer, producing different waveforms at different stations. In this study, we attempted to resolve the fault plane from the two nodal planes by waveforms analysis, although aftershock data for the 1956 earthquake identifies the fault plane with reasonable confidence. Figure 5 shows the comparison between observed waveforms and calculated waveforms for fault surfaces on the two nodal planes which fit the observed components only since they are much larger in amplitude than the N-S components. The N-S components are nodal and therefore cannot be used to obtain a reliable estimate of source characteristics. The fault plane (chosen on the basis of aftershock locations) is preferred because the width of the pulse recorded on the Omori seismograph is correctly modelled. In order to match this width with the auxiliary plane model, the waveforms at the other two stations become too wide. However, the difference between the waveforms of the two models is very slight and does not allow a conclusive resolution of the fault plane.
A similar situation exists in the case of the 1965 event. The ultimately chosen fault plane model agrees better with the observations in the backswing following the first motion, but the difference between the two models is slight. Since station MTJ is on bedrock, the synthetic seismograms were made assuming a half-space having the seismic velocities of the half-space in Table 3 . It can be seen that in both the observed and calculated seismograms, the shallow crustal layering produces a significant effect, since the waveforms at TOK are more complex than the waveforms at MTJ.
Fault parameters
The fault parameters of the best-fit models of the two earthquakes, which were obtained from the synthetic seismogram study, are summarized in Table 5 .
The range of uncertainty of the parameters is indicated by the values obtained for the parameters for the cases of the largest and smallest allowable fault radius.
The seismic moment of the 1965 event was calculated from the 40sec G wave at and TAKEUCHI (1966) , and the attenuation coefficients of MITCHELL et al. (1976) . Details of the calculation are similar to those of SHIMAZAKI and SOMERVILLE (1979) .
value obtained from seismograms at near distances, indicating that the latter value is not grossly in error. Since the 1956 earthquake occurred before the widespread recording of long period seismograms, the Omori seismogram at Hongo, Tokyo was used to the constrain the seismic moment of this event. These moment determinations allowed the stress drops of the two events to be estimated. The stress drops of both events are quite high. SATO and ICHIHARA (1971) . The orientation of the fault plane and the slip vector of Model II are similar to those derived from first motion data by KANAMORI (1971) , the largest differences lying in the shallower dip angle and the larger dip-slip component of Model II.
One disadvantage of the fault plane of Model II is that it was not constrained by the vertical deformation accompanying the earthquake. The vertical deformation calculated from Model II differs significantly from the observed deformation in the Shonan area.
Sagami Bay. However, a line drawn from Kozu (where the Sagami trough intersects the coastline) to the triple junction between the Japan trench, the Sagami trough and the Izu-Bonin trench has a strike which is almost parallel to that of Model II (Fig. 1) . The Sagami trough deviates considerably from this line in Sagami Bay and along the Kamogawa submarine cliff off the southeast shore of the Boso Peninsula. However, we propose that this deviation from linearity is a superficial feature. KASAHARA et al. (1973) pointed out the probable presence of an active fault (the Kamogawa thrust) along the steep submarine slope off the SE coast of the Boso Peninsula. The steep gradient of the uplift of the southern tip of the Boso Peninsula during the 1703 earthquake suggests that slip on this thrust fault is restricted to shallow depths, and may not extend as deep as the model proposed by Matsuda et al. In summary, we suggest that the fault plane of Model II, while not modelling accurately the irregular shallow part of the plate interface, is nevertheless an average representation of the orientation of the interface at depth.
The existence of a fault plane with an eastward component of dip beneath the Kanto region was noted by TSUMURA (1973) in an EW profile extending 50km patently eastward dipping zone whose upper surface intersects the surface at This apparently eastward dipping zone is not evident on the more northerly deeper than 50km. This suggests that the true dip of the zone is not due east but has a northerly component. This is in accord with the roughly NNE-dipping Epicenters in the depth range 40-80km (MAKI et al., 1980) are shown in Fig. 2 , on which the fault plane of Model II and its down dip extension to a depth of 50km are superposed. The NW corner of this extended fault plane coincides with the hypocenter of the 1968 Saitama earthquake (ABE, 1975) . The orientation of the fault plane of the Saitama earthquake on Table 1 is so similar to that of the 1923 Kanto earthquake that we may consider them to be an extension of the same fault plane. From the absence of seismicity north of the Saitama earthquake, we assume that the head of the plate is in the vicinity of the hypocenter of the Saitama earthquake.
The NE corner of the extended fault plane is at the top of the intersection The selection of the eastward-dipping fault plane of the 1956 event on the basis of the aftershock distribution has important consequences in the interpretation of the tectonics of the nest, because it rules out the possibility that the fault plane was the upper surface of the westward-dipping Pacific plate. Similar mechanisms are commonly observed oceanward of the aseismic front (YOSHII, 1975) , with focal depths not exceeding 60km, and are usually interpreted as occurring at the interface of the plates. However the focal depth of the 1956 event is deeper than 60km and lies within, not at the upper surface, of the seismic zone, thus discounting the possibility that it is an interface event.
It is of interest to determine whether the distortion of the stress field in the collision zone extends as far as the lower surface of the Pacific plate. The mechanism of the 1965 event, indicating down-dip tension, is similar to mechanisms of events in the lower seismic zone off Tohoku (YOSHII, 1979; HASEGAWA and UMINO, 1978) . Since there is no other mechanism solution available in the vicinity of the nest, a study was made of the mechanism solutions determined by five have normal-faulting mechanisms, of which three have down dip tensional axes. It thus seems that the 1965 event in the lower seismic zone beneath the Chiba nest shows the focal mechanism commonly found in the lower zone and is not anomalous. We conclude that although the tectonic field is strongly disturbed in the nest, it is not seriously disturbed at the lower seismic zone of the Pacific plate.
Conclusions
The mechanism of the 1956 Chiba earthquake in the dense nest of seismicity at a depth of between 70 and 80km beneath Chiba city appears to represent internal deformation in the collision zone between the Pacific and Philippine Sea plates.
The stress field at the lower surface of the Pacific plate, as inferred from the mechanism of the 1965 earthquake, appears to be undisturbed by the collision. 
